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Abstract
Background: Screen-time and unhealthy dietary behaviours are highly pervasive in young children and evidence
suggests that these behaviours often co-occur and are associated. Identifying clusters of unhealthy behaviours, and
their influences early in childhood, can assist in the development of targeted preventive interventions. The purpose
of this study was to examine the sociodemographic, behavioural, and home physical environmental correlates of
co-occurring screen-time and unhealthy eating behaviours and to assess the clustering of screen-time and unhealthy
dietary behaviours in young children.
Methods: Parents of 126 children, from the UK, aged 5–6 years (49% boys) completed a questionnaire which assessed
their child’s screen-time (ST), fruit and vegetable (FV), and energy-dense (ED) snack consumption. Categories of health
behaviours were created based on frequencies of children meeting recommendations for FV and ST and median splits
of frequencies for ED snacks. Parents reported on their own behaviours (ST, FV, and ED snack consumption), how often
they ate meals and watched TV with their child, and on the availability and accessibility of foods within the home. An
observed over expected ratio (O/E) was used to assess behavioural clustering. Multivariable multinomial logistic
regression was used to examine correlates of behaviour patterns.
Results: Approximately 25% of children had two or three health risk behaviours. Correlates consistently associated
with clusters included parental income, eating meals at the TV, parental ST and ED snack food consumption, and home
availability of ED snack foods. Observed over expected ratios were close to 1 and ranged from 0.78 to 1.43. The three-
risk behaviour combination of insufficient FV consumption, high ED snack consumption, and excessive ST occurred
more frequently than expected (1.23 (95% CI 0.89, 1.58)).
Conclusions: ST and unhealthy dietary behaviours cluster in children as young as 5 years of age and parents’ own
behaviours appear to be important influencing factors. Further research into the development of behavioural clustering
in young children to identify and further understand the mechanisms underlying the synergy among health
behaviours is needed. Feasibility interventions promoting reductions in both screen-time and unhealthy dietary
behaviours reciprocally, while simultaneously focusing on changing parental behaviours, are warranted.
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Background
Unhealthy eating behaviours and too much time spent be-
ing sedentary using screen-media are highly prevalent in
today’s society [1, 2]. For example, in the United Kingdom
(UK), children as young as 5 years of age are using screens
(television (TV), computers and tablets) for more than
27 h a week [1]. Furthermore, less than 8% of primary
school-aged children meet the UK recommendations for
fruit and vegetable (FV) intake [2], yet more than 13% of
4–10 year olds’ food energy comes from extra sugars [2].
A recent report from the Children’s Food Trust suggested
that 4–7 year-olds were the most likely age group to eat
cakes and biscuits, sweets and chocolate at least once per
day (often more) [3]. Health-related behaviours, such as
screen-time (ST) and unhealthy dietary behaviours, are
established in childhood and tend to track throughout
adolescence and into adulthood [4, 5] and so it is import-
ant to try to promote the establishment of healthy behav-
iours from the early years.
A wealth of evidence exists regarding the adverse health
consequences associated with eating unhealthy diets (too
few FV; too many energy-dense foods (ED); for example
[6–8]) and spending too much time on screen-based sed-
entary activities (e.g. sitting to watch TV/DVDs, using
computers, etc. [9, 10]). This evidence has tended to focus
on these health risk behaviours independently but emer-
ging evidence suggests that they might actually cluster and
co-exist in young people [11, 12]. ST and unhealthy dietary
behaviours have been found to cluster in 9–10-year-old
[13] and 11–12-year-old [12] British children. Specifically,
11–12-year-old adolescents who consumed low levels of
FV also consumed higher levels of ED snack foods and
spent more time using screens [12]. Thus, it is plausible
that health-promotion interventions, such as to prevent
obesity and later ill-health, might be more effective by tar-
geting a combination of behaviours, rather than just one.
The development of effective interventions requires an
understanding of the most important correlates and de-
terminants of the targeted behaviours. In young people,
the home environment is key for health behaviours, with
parents’ own behaviours and parenting strategies and
practices having a significant influence on children’s
health behaviours [14–16]. For example, family TV time,
rules for screen-time, and access to screens at home are
significant correlates of children’s ST [14]. Furthermore,
parental modelling of eating FV and ED snack foods are
significant correlates of child consumption of these food
items, as are factors such as home availability and acces-
sibility of food items, restriction of foods, and eating in
front of the television [15, 16]. While research has typic-
ally focused on correlates of individual health behaviours
there has been a recent trend towards the study of cor-
relates of clustered behaviours [11–13, 17], however,
much of this research has focussed on sociodemographic
predictors [13, 17]. A recent study among 11–12 year
old children examined a wider range of correlates and
found numerous factors consistently associated with the
co-occurence of high ST, high ED snack consumption
and low FV consumption [12]. These included eating
while watching TV, eating at the TV with parents, and
the availability and accessibility of ED snack foods at
home [12].
Given evidence that the odds of having multiple risk
behaviours increase over the course of development
[18], and that healthy habits are established early in life,
there is value in exploring younger children, before
health behaviours become too engrained. However, a
recent review aiming to identify clustered patterns of
diet, physical activity and sedentary behaviour among
children or adolescents found only one study among
children < 9 years of age [11]. In this one study, Cameron
et al. [19] found that clusters of healthy (e.g. physically
active and high FV) and unhealthy behaviours (low phys-
ical activity, high ST and low FV consumption, and con-
sumption of ED food/drink) were concordant in mothers
and their children (mean age 9.4 years), particularly those
defined by sedentary behaviors and consumption of ED
food and drink. Further evidence is required examining
correlates of co-occurring behaviours and how health be-
haviours cluster in younger children.
Based on the identified gaps in the extant research litera-
ture, the purpose of this study was to examine the sociode-
mographic, behavioural, and home physical environmental
correlates of co-occurring screen-time and unhealthy eat-
ing behaviours and to assess the clustering of screen-time
and unhealthy dietary behaviours in young children. Pursu-
ant to the distinctions used in epidemiological research be-
tween co-occurrence and clustering [20, 21], throughout
this manuscript co-occurrence describes the concurrent,
but independent, engagement in two or more health
related behaviours (also referred to as patterns of health
behaviours or prevalence of behaviour combinations).
Clustering refers to an underlying association between
co-occurring behaviours.
Methods
Study procedure
Following ethical approval from Loughborough University’s
Ethical Advisory Committee, cross-sectional data were
collected between May 2013 and June 2014. Data were
obtained from parents of young children in their first year
(Year 1) of primary school (aged 5–6 years) recruited from
six primary schools in the East Midlands region of the UK.
All eligible families were invited to take part via an infor-
mation leaflet that contained details of the study. This let-
ter was sent home for a parent or guardian (n = 422) and
active consent was sought from parents for each child’s
participation. No information was available regarding the
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characteristics of non-responders. In total, 233 parents
provided written consent (55% response rate). Parents who
consented to take part in the study received a package con-
taining a questionnaire for completion at home.
Measures
Parent questionnaire
All data were provided by the child’s main caregiver who
completed a questionnaire about themselves and their
child, at home. Parents’ age, gender, ethnicity, marital sta-
tus, highest level of education (of the respondent), average
household income and their social status (using a subject-
ive socioeconomic status scale [22]) were reported by par-
ents along with parents’ relationship to the participant
child, and child gender and age. Demographic characteris-
tics of parent respondents are detailed in Additional file 1:
Table S1.
Child screen-time Parents reported the time (in hours
and minutes) that their child spent watching TV and
watching videos/DVDs on a usual school day and on a
usual weekend day using an adaptation of the Adoles-
cent Sedentary Activity Questionnaire (ASAQ) [23, 24].
We adapted the ASAQ by providing parents with a cat-
egory of ‘school day’ and ‘weekend day’ rather than each
day separately. Time spent watching TV and watching
videos/DVDs was converted into minutes per school day
and weekend day respectively. Weighted mean duration
((5*schoolday+ 2*weekend day)/7) was derived and
summed to provide a measure of ST. Children were
classified into high or low ST groups based on the estab-
lished guidelines of ≤ 2 h screen viewing [25].
Child eating behaviours Parents reported how fre-
quently their child consumed ten FV items (apples,
bananas, oranges, grapes and other fruit, carrots, peas,
broccoli, salad and other vegetables), and eight ED snack
food items (potato crisps, snack crackers, sweets (candy),
chocolate, chocolate biscuits, regular biscuits, muffins/
cakes, cereal bars) during a usual week, ranging from
‘never’ to ‘more than three a day’, using a Food Fre-
quency Questionnaire (FFQ) [26]. Using an established
method [27], the frequency of consumption of the 18
food items during a typical week were converted to a
daily equivalent [28, 29]. Daily equivalents were: never
(0·00 per d); one-two days a week (0·2 per d); 3–4 days a
week (0·5 per d); five-six days a week (0·7 per d); once a
day (1.0 per d); twice a day (2.0 per d); three or more a
day (3.0 per d). The daily equivalence of the food items
in each group were summed to create daily intakes of
FV, and ED snacks respectively. The national UK guide-
lines of five FV per day was used to categorise children
as meeting the guidelines [30] (high or low FV). As there
are no current guideline for the consumption of ED
snack foods, the frequency of consumption of ED snacks
were split at the median (1.6 per day) to create a high
and low ED category.
Behavioural factors Child frequency of consumption of
meals (breakfast and dinner) and snacks (ED snacks, and
FV) while watching TV were reported by parents using
a previously used questionnaire by Matheson et al. [31].
Parents reported the frequency during a typical week on
a four-point Likert scale ranging from (1) ‘Never’ to (4)
‘every day’. The frequency of consumption of the meals
and snacks while watching TV was coded as ‘2 or less
days a week’ and ‘3 or more days a week’.
Parents time spent sitting at the TV/watching DVDs
on a usual week day and a usual weekend day was
assessed using the domain-specific sitting questionnaire
[32]. Categories of high and low TV/DVD viewing were
calculated as described above for child TV/DVD
viewing.
Parents self-reported their own frequency of consump-
tion of ED snacks by completing the same FFQ as de-
scribed above. The FFQ was coded and categorised
identically to that of the child (see above) but using a
median frequency of consumption of 1.4 per day to cre-
ate a high and low ED category.
Physical environmental factors Parents reported on
the availability of ED snacks (four questions) and the
availability of FV (two questions) in the home during the
past week. Parents responded on a four-point Likert
scale ranging from (1) ‘Never/rarely’ to (4) ‘Always’. High
and low availability of ED snacks and fruit and vegeta-
bles were determined by summing questions for home
availability of ED snacks (Cronbach’s α = 0.77) and home
availability of FV (Cronbach’s α = 0.82) respectively and
using a median split.
Statistical analysis
All data management and analyses were conducted using
Stata V12 (Stata, College Station, TX). Co-occurring
health behaviour categories were created and coded
based on met/unmet guidelines: 0: one or no risk behav-
iours; 1: Low FV / High ED; 2: High ST / Low FV; 3:
High ST / High ED; 4: 3 risk behaviours. Demographic,
behavioural, and home physical environmental variables
associated with the likelihood of being in each of the
behavioural clusters were examined using Multinomial
logistic regression analyses (The ‘one or no risk behav-
iours’ category was used as a referent). Variables at each
level that were significantly associated with combina-
tions of risk behaviours in the univariate multinomial
logistic regression analyses were simultaneously entered
into multivariable multinomial logistic regression
models.
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The ratio of observed number to expected number (O/E)
was applied to estimate the degree of clustering of health
risk behaviours and has been described elsewhere [12, 13].
The observed number (O) is the number of participants
that did or did not meet guideline levels for each health be-
haviour divided by the total number of participants. The
expected number (E) for each health behaviour was deter-
mined by the proportion of participants not meeting a
specific guideline multiplied by the proportion of partici-
pants that met the guidelines for all remaining behaviours
(e.g. the proportion of children that had high ST multiplied
by the proportion that had low ED snack consumption,
and the proportion that had high levels of FV intake). The
expected prevalence for multiple health behaviours was
calculated by multiplying the proportion of participants
that did not meet guideline levels for a specific set of be-
haviours with the proportion that met guideline levels for
the remaining behaviours. The difference between the ob-
served and the expected prevalence (O/E) was calculated
to examine whether the behaviours of interest co-occurred
at a higher or lower rate than would be expected if there
was no association between the health behaviours. Boot-
strap techniques were used to calculate 95% confidence in-
tervals. Clustering is indicated when observed over
expected ratios are greater than one.
Results
Sample characteristics
Questionnaires were returned by 149 parents (64% of
those who agreed to take part). Due to incomplete ST
and/or FFQ data, 23 sets of data were excluded from the
analyses. The analyses presented here are based on data
for 126 children: 62 boys (mean age 5.66 (SD: 0.79)
years) and 64 girls (mean age 5.50 (SD: 0.67) years).
Responding parents were mostly mothers (81.9%) with a
mean age of 38.61 (SD: 4.97) years. The majority of par-
ents were married (80.5%) and of White/White British
ethnicity (80.5%). Over two-thirds (68.9%) of parents
had completed at least degree level education, and over
three-quarters had an average household income of
more than GBP39k income a year (Additional file 1:
Table S1).
The prevalence of not meeting individual health
behaviour guidelines as well as the prevalence of combi-
nations of behaviours are described in Table 1. More
than 19% of children had all three risk behaviours and
43% had none or one risk behaviour. More than 78% of
children consumed less than the recommended five por-
tions of FV per day, and 40% exceeded 2 h a day of ST.
Associations with combinations of child risk behaviours
Additional file 1: Table S1 displays the description and
distribution of the demographic, behavioural, and home
physical environmental variables of interest.
Demographic factors
Of the demographic factors, only parental income was
associated with behavioural risk factor combinations in
the univariate analyses (Table 2). Parents of lower in-
come (< 39 K) had higher odds of having children in all
behavioural combination categories, apart from the High
ST / High ED group (Table 3), than children in none or
one risk behaviour (referent category) compared to par-
ents of higher income.
Behavioural factors
All but one of the behavioural factors (child eats dinner
in front of the TV) were associated with an increased
likelihood of risk factor behavioural combinations in the
univariate analyses (Table 2).
In the multivariable model, children who ate breakfast
at the TV on three or more days a week had higher odds
of being in the High ST / Low FV group than in the
none or one risk behaviour (referent category) compared
to children who ate who ate breakfast at the TV on two
or less days a week. Children who ate ED snacks at the
TV on three or more days a week had higher odds of be-
ing in the Low FV / High ED and the High ST / High
ED groups than children in none or one risk behaviour
(referent category) compared to children who ate ED
snacks at the TV on two or less days a week (Table 3).
Parents with high TV/DVD viewing had higher odds
of having children in the High ST / Low FV and the
three risk behaviour combination categories than chil-
dren in none or one risk behaviour (referent category)
compared to parents with lower TV/DVD viewing. Par-
ents with high ED snack consumption had higher odds
of having children in the Low FV / High ED and the
Table 1 Descriptive characteristics of the child participants
(n = 126)
All
N (%) 126
Child age, years (mean (SD)) 5.58 (0.73)
TV/DVD viewing
> 120 min/day, % 38.8
Fruit and vegetable intake
< 5 a day (frequency of consumption/day), % 78.6
Energy-dense snack intake
> 1.6 a day (frequency of consumption/day), % 48.9
Risk behaviour groups (%)
None or one risk behaviour 43
Low FV / high ED 20
High ST / low FV 12.6
High ST / high ED 5.2
3 risk behaviours (Low FV / high ST / high ED) 19.3
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High ST / High ED groups than children in none or one
risk behaviour (referent category) compared to parents
with lower ED snack consumption (Table 3).
Physical home environmental factors
Only home availability of ED snack foods was associated
with behavioural risk factor combinations in the univari-
ate analyses (Table 2). Parents who reported high avail-
ability of ED snack foods in the home had higher odds
of having children in the Low FV / High ED and the
three risk behaviour groups than children in none or
one risk behaviour (referent category) compared to par-
ents who reported lower availability of ED snack foods
in the home (Table 3).
Health behaviour clusters
Table 4 describes the eight possible combinations of the
three health behaviours examined and the observed and
expected prevalence ratios of these health behaviours
clusters. The majority of observed over expected ratios
were close to 1 and ranged from 0.78 to 1.43. The
three-risk behaviour combination of excessive ST, insuf-
ficient fruit and vegetable consumption, and high ED
snack consumption occurred more frequently than ex-
pected (1.23 (0.89, 1.58)), as did the two-risk behaviour
combination of high ED snack consumption and exces-
sive ST, (1.43 (0.51, 2.35)), although non-significantly.
Discussion
The aim of this study was to examine the sociodemo-
graphic, behavioural, and home physical environmental
correlates of co-occurring screen-time and unhealthy
eating behaviours and to assess the clustering of
screen-time and unhealthy dietary behaviours in young
children. Given the attention that ST is increasingly re-
ceiving in the media and literature on children’s health,
it is important to extend our knowledge about how
other behaviours may co-occur and cluster with ST and
Table 2 Univariate multinomial logistic regression analysis of factors associated with combinations of risk behaviours among children
Low FV / high ED High ST / Low FV High ST / High ED 3 risk behaviours
Demographic
Parental marital status (ref: Other)
Married 0.33 (0.09, 1.24) 0.34 (0.08, 1.05) 0.31 (0.04, 2.06) 0.38 (0.10, 1.39)
Parent education (ref: GCSE or less)
A-Level or post A-level equivalent 0.71 (0.10, 5.12) 0.36 (0.03, 5.11) 1.43 (0.10, 20.44) 0.83 (0.17, 4.06)
Degree level or above 0.81 (0.17, 3.81) 0.91 (0.16, 5.32) 0.61 (0.06, 6.58) 0.29 (0.08, 1.09)
Ethnicity (ref: Other)
White / White British 1.24 (0.37, 4.09) 2.36 (0.46, 12.04) 2.18 (0.24, 20.04) 4.00 (0.82, 19.63)
Parental income (ref: more than 39 k in GBP per year)
Less than 39 k per year 14.77 (1.62, 35.03)** 8.72 (0.82, 92.85) 32.00 (2.49, 51.43)** 20.36 (2.25. 84.59)**
Subjective SES (ref: low – less than median score of
7)
0.57 (0.20, 1.64) 0.78 (0.23, 2.59) 0.39 (0.08, 1.96) 0.62 (0.24, 1.89)
Behavioural
Child eats breakfast while watching TV (ref: [2] or
less days a week)
0.89 (0.24, 3.28) 3.50 (10.1, 12.22)* 10.02 (1.66, 60.20)** 2.00 (0.65, 6.13)
Child eats dinner while watching TV (ref: [2] or less
days a week)
0.80 (0.14, 4.49) 1.23 (0.21, 7.12) 3.20 (0.49, 21.08) 3.29 (0.92, 11.85)
Child eats fruit and vegetables while watching TV
(ref: [2] or less days a week)
0.79 (0.34, 4.05) 1.46 (0.37, 5.65) 10.03 (1.66, 60.20)** 2.40 (0.80, 7.23)
Child eats energy-dense snacks while watching TV
(ref: [2] or less days a week)
4.78 (1.22, 18.70)* 2.56 (0.50, 13.07) 61.50 (5.85, 86.68)** 6.15 (1.65, 22.98)**
Parents’ TV/DVD viewing (ref: less than 2 h a day) 1.81 (0.64, 5.08) 17.50 (2.12, 44.67)** 3.12 (0.54, 17.84) 6.25 (1.83. 21.25)**
Parents’ energy-dense snack food consumption
(ref: less than 1.4 a day)
12.80 (3.70, 44.30)*** 2.00 (0.55, 7.32) 20.00 (2.07, 53.17)** 6.67 (2.21, 20.08)***
Physical environmental
Home availability of energy-dense snack foods
(ref: low – below median score of 8.5)
7.53 (2.31, 24.50)*** 1.11 (0.32, 3.84) 13.29 (1.46, 26.99)* 5.90 (1.91, 18.29)**
Home availability of fruit and vegetables
(ref: low – below a median score of 8)
0.32 (0.10, 1.05) 0.27 (0.08, 1.02) 1.11 (0.12, 10.64) 0.92 (0.24, 3.52)
Note: referent category for dependent variables is the none or one risk behaviour group
*p < 0.05; **p < 0.01; ***p < 0.001
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what correlates seem to be important for such clusters.
This allows a more nuanced approach to ST research.
While just under half of the children studied had none
or only one risk behaviour, it is noteworthy that just under
20% had all three risk behaviours. This can be considered
a large proportion and highlights a clear target for inter-
vention. The cluster of low fruit and vegetable consump-
tion, high ED snack consumption, and excessive ST and
the two-risk cluster of high ED snack consumption and
excessive ST both occurred more frequently than ex-
pected. Children engaging in too much ST also engaged in
unhealthy eating behaviours. Although these findings did
not attain significance, they are important for shaping the
development of future interventions as they indicate the
clustering, or co-occurrence, of unhealthy behaviours and
suggest that behaviour change interventions might benefit
from targeting ST and dietary behaviours concurrently or
simultaneously. Given that evidence for the effectiveness
of existing interventions which solely target sedentary be-
haviour is unconvincing [33], new interventions are
required and our findings would suggest that these should
target ST and diet together in efforts to bring about
improved health behaviours. However, this would need to
be guided by the data on the correlates of such behav-
ioural clustering.
Our study showed that families of low household
income, parents with high TV viewing, and parents
reporting high availability of ED snacks in the home
were at higher odds of having children in the three risk
behaviour group than the none or one risk group. The
Table 3 Multivariable multinomial logistic regression analysis of factors associated with combinations of risk behaviours among
children
Low FV / high
ED
High ST / Low
FV
High ST / High
ED
3 risk behaviours
Demographic
Parental income: Less than 39 k in GBP per year
(ref: more than 39 k in GBP per year)
22.55 (1.39, 64.84)* 17.96 (1.04, 31.41)* 23.02 (0.70, 56.71) 31.38 (1.99, 93.62)*
Behavioural
Child eats breakfast while watching TV
(ref: [2] or less days a week)
0.78 (0.07, 9.01) 6.95 (1.10, 43.79)* 1.54 (0.06, 37.06) 3.05 (0.40, 23.06)
Child eats fruit and vegetables while watching TV
(ref: [2] or less days a week)
0.27 (0.02, 4.63) 0.29 (0.03, 3.52) 0.65 (0.02, 21.82) 0.52 (0.05, 6.12)
Child eats energy-dense snacks while watching TV
(ref: [2] or less days a week)
34.09 (2.02, 74.19)* 1.27 (0.08, 20.09) 10.55 (2.25, 45.02)* 8.79 (0.73, 106.79)
Parents’ TV/DVD viewing (ref: less than 2 h a day) 0.54 (0.09, 3.15) 27.01 (2.00, 71.26)* 1.47 (0.07, 30.81) 7.19 (1.07, 53.10)*
Parents’ energy-dense snack food consumption
(ref: less than 1.4 a day)
25.18 (3.97, 59.51)*** 1.33 (0.25, 7.16) 34.52 (1.94, 62.59)* 4.09 (0.74, 22.77)
Physical environmental
Home availability of energy-dense snack foods
(ref: low – below median score of 8.5)
7.66 (1.05, 30.61)* 1.46 (0.29, 7.23) 5.67 (0.34, 94.28) 5.82 (1.10, 30.67)*
Home availability of fruit and vegetables
(ref: low – below a median score of 8)
0.32 (0.10, 1.05) 0.27 (0.08, 1.02) 1.11 (0.12, 10.64) 0.92 (0.24, 3.52)
Note: referent category of dependent variables is the none or one risk behaviour group
Only variables significant in the univariate analyses (Table 2) were entered into the multivariable analyses, hence not all variables are included in Table 3
*p < 0.05; **p < 0.01; ***p < 0.001
Table 4 Observed and expected prevalence of health risk behaviours, individually and in combination
No. of health
behaviours
High TV/
DVD
Low fruit and vegetable
consumption
High energy-dense snack
food consumption
O (%) E (%) O/E (95% CI)
3 x x x 14.77 12.03 1.23 (0.89, 1.58)
2 x x – 11.41 12.57 0.91 (0.60, 1.21)
– x x 17.45 18.93 0.92 (0.69, 1.15)
x – x 4.70 3.28 1.43 (0.51, 2.35)
1 x – – 2.68 3.43 0.78 (0.07, 1.49)
– x – 24.83 19.79 1.25 (1.01, 1.49)
– – x 6.71 5.16 1.30 (0.70, 1.90)
0 – – – 5.37 5.39 0.99 (0.41, 1.58)
O Observed prevalence, E Expected prevalence, 95% CI 95% confidence interval, X Guideline not met, − Guideline met
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finding that children from low income households were
at higher odds of having all three risk behaviours is cor-
roborated by those of Hardy et al. [17] who found evi-
dence of clustering of sedentary behaviour, physical
activity and dietary behaviours in Australian adolescents,
particularly among adolescents from low income house-
holds. Our findings show that such relationships start
early in childhood in this UK based sample. It has been
known for some time that socio-economic status (SES)
is associated with higher levels of TV viewing [34] and
also with poorer dietary intake [35]. However, how to
address this issue has been shown to be more problem-
atic. Low SES might be associated with more barriers to
be outside of the home, such as greater crime in the
local area or less open and green space, hence increasing
the likelihood of greater indoor sedentary time. Cost is
also a recognised barrier to parents purchasing healthy
foods for their children [35, 36]. While these barriers are
acknowledged, few interventions have specifically
addressed the issue of SES in relation to poor diet and
ST in the home, yet the current findings add further
weight to this group being in need of support.
The finding that parents with higher TV viewing were
at higher odds of were at higher odds of having children
in the three risk behaviour group than the none or one
risk group aligns with the findings of Cameron et al.
[19], who showed that clusters of unhealthy behaviours
were concordant in mothers and their children, particu-
larly those defined by sedentary behaviours and
consumption of ED food and drink. The associations
between parental modelling of individual healthy (e.g.
physical activity [37] and consumption of fruits and veg-
etables [15]) and unhealthy (e.g. high ST [14] and ED
snack food consumption [38]) behaviours and child be-
haviours are well established in the literature, and our
findings that parental modelling of TV viewing is associ-
ated with the co-occurrence of 3 unhealthy behaviors is
novel and further develops this literature. Our findings
suggest that parental TV viewing behaviour has the po-
tential to transfer across to different health behaviours
in children. Strategies to un-couple unhealthy behav-
iours need to address parental as well as child behav-
iours and should focus on the creation of a healthy
eating and active home environment, screen-free eat-
ing occasions, parents modelling healthy behaviours
(i.e. switching off screens when with children) and
finding opportunities for whole family active alter-
nates to sedentary screen-based activities.
Higher availability of ED snacks in the home increased
the odds of having children who exhibited the
co-occurrence of all three risk behaviours. This may be a
surrogate measure for the availability of less healthy foods
within the household. Moreover, children’s consumption
of ED snacks in front of the TV was also associated with
the Low FV/High ED and High ST/High ED pattern, sug-
gesting that ED snacking is problematic in 5–6-year-olds
and another important target for intervention. Not only
might different food shopping strategies be needed,
but healthy and palatable alternatives are also re-
quired (e.g., chopped ready prepared fruit). Parents,
particularly those from low SES backgrounds, might
benefit from advice regarding cost effective ways to
purchase healthy foods (e.g., buying frozen or tinned
foods as a way to reduce waste), as cost and waste
are important predictors of parents not repeatedly
offering healthy foods to their children [36].
It is also interesting that we found that children eating
breakfast in front of the TV on three or more days a
week were at higher odds of being in the High ST/Low
FV group than the non or one risk behaviour group
compared with those who ate breakfast at the TV on
two or less days a week. Previous research has demon-
strated an underlying association between TV viewing
and lower intakes of fruit and vegetable consumption
[39]. Eating meals such as breakfast in front of the TV
has been linked to lower intakes of fruits and vegetables
and higher intakes of unhealthy foods [40]. Distractions,
like the TV, have been shown to increase food intake
[41] and TV viewing might be a strategy employed by
parents in an effort to facilitate breakfast intake during
busy morning routines. Eating breakfast in front of the
TV could reduce opportunities for eating as a family,
which is important for an array of health behaviours
[42]. Furthermore, evidence suggests that SES is in-
versely related to eating in front of the TV (e.g. [43])
and so this reflects another difference in children’s
health behaviours among SES groups. Given the
young age of the children in our study, eating break-
fast away from screens represents another area to be
targeted in future.
The findings of this research are valuable for helping to
inform the development of future health-promotion inter-
ventions. This research has highlighted clusters and pat-
terns of high-risk health behaviours in young children
which warrant targeting in future programmes aiming to
reduce childhood overweight/obesity and improve chil-
dren’s activity levels and healthy eating behaviours.
Strengths of this research include the assessment of mul-
tiple risk factors and analysis of co-occurrence of these
behaviours and the use of a sample of parents of young
children. Limitations include the fairly homogenous sam-
ple and low response rate, which limits generalisability,
the moderate sample size, and the cross-sectional nature
of the data. The accuracy of the parent-reported child
food frequency may be impacted especially for parents
whose children eat school lunches and may therefore not
be aware/sure of what/how much their children are eating
and could potentially have led to an under or
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over-reporting of food items. Furthermore, the adapta-
tions made to the ASAQ to assess children’s screen-based
behaviours may have impacted on the reliability and valid-
ity of the measure and could have led to inflated/deflated
values for reported ST. Caution is required in interpreting
our findings in light of these limitations.
Conclusion
In conclusion, parents’ own behaviour has been identified
as an important influence on the co-occurrence of ST and
unhealthy dietary behaviours in children as young as
5 years. Uniquely, our findings extend past research to
highlight the co-occurrence and clustering of multiple
health risk behaviours in young children. There is there-
fore a need for further research into the development of
behavioural clustering in young children to identify and
further understand the mechanisms underlying the syn-
ergy among health behaviours. Feasibility interventions
that promote reductions in both ST and unhealthy dietary
behaviours reciprocally, while simultaneously focusing on
changing parental behaviours, are warranted.
Additional file
Additional file 1: Table S1. Description and distribution (%) of
demographic, behavioural, home physical environmental variables
(DOC 60 kb)
Abbreviations
ED snacks: Energy-dense snacks; FV: Fruit and vegetables; SB: Sedentary
behaviour; ST: Screen-time; TV: Television viewing
Acknowledgements
We would like to thank all of the schools, teachers, children and parents
who participated in the Kids FIRST project.
Funding
This research was funded by a British Heart Foundation project grant
(PG/12/70/29777). The funding body had no role in the analysis or
preparation of the manuscript.
Availability of data and materials
The dataset supporting the conclusions of this article are available on
request of the corresponding author. All materials (questionnaires) used for
the purpose of this study are available on request of the corresponding
author.
Authors’ contributions
The contribution of authors was as follows: NP conceptualised the study,
and conducted the study with JPJ. NP carried out the statistical analyses and
drafted the manuscript. EH, PG, and SJHB, were involved in the design of the
study and contributed to the drafting of the manuscript. All authors read,
contributed to and approved the final manuscript.
Ethics approval and consent to participate
Study procedures were approved by the Loughborough University Ethical
Advisory Committee (R13-P25). Under existing ethical guidelines, it was
necessary to seek written consent from parents for each child’s participation,
and no information could be accessed regarding characteristics of non-
respondents.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1School of Sport, Exercise & Health Sciences, National Centre for Sport &
Exercise Medicine, Loughborough University, Loughborough, Leicestershire
LE11 3TU, UK. 2Institute for Resilient Regions, University of Southern
Queensland, Springfield, Australia. 3Department of Sport Science, School of
Science and Technology, Nottingham Trent University, Nottingham, UK.
Received: 10 January 2018 Accepted: 12 June 2018
References
1. Ofcom: Children and parents: media use and attitudes report. 2017.
https://www.ofcom.org.uk/__data/assets/pdf_file/0020/108182/children-
parents-media-use-attitudes-2017.pdf (accessed on 8 Jan 2018).
2. Bates B, Cox L, Nicholson S, Page P, Prentice A, Steer T, Swan G: National
Diet and Nutrition Survey. Results from Years 5 and 6 (combined) of the
Rolling Programme (2012/2013–2013/2014). A survey carried out on behalf
of Public Health England and the Food Standards Agency. 2016.
https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/551352/NDNS_Y5_6_UK_Main_Text.pdf
(accessed on 8 Jan 2018).
3. Children's Food Trust: State of the nation: what children in the UK are
eating. 2016. http://media.childrensfoodtrust.org.uk/2016/12/SoN_Report_
v4.pdf (accessed on 8 Jan 2018).
4. Biddle SJ, Pearson N, Ross GM, Braithwaite R. Tracking of sedentary
behaviours of young people: a systematic review. Prev Med. 2010;51:345–51.
5. Maynard M, Gunnell D, Ness AR, Abraham L, Bates CJ, Blane D. What
influences diet in early old age? Prospective and cross-sectional analyses of
the Boyd Orr cohort. Eur J Pub Health. 2006;16:316–24.
6. Wang X, Ouyang Y, Liu J, Zhu M, Zhao G, Bao W, Hu FB. Fruit and vegetable
consumption and mortality from all causes, cardiovascular disease, and
cancer: systematic review and dose-response meta-analysis of prospective
cohort studies. BMJ. 2014;349:g4490.
7. Maynard M, Gunnell D, Emmett P, Frankel S, Davey Smith G. Fruit,
vegetables, and antioxidants in childhood and risk of adult cancer: the Boyd
Orr cohort. J Epidemiol Community Health. 2003;57:218–25.
8. Crowe FL, Roddam AW, Key TJ, Appleby PN, Overvad K, Jakobsen MU,
Tjonneland A, Hansen L, Boeing H, Weikert C, et al. Fruit and vegetable
intake and mortality from ischaemic heart disease: results from the
European prospective investigation into Cancer and nutrition (EPIC)-heart
study. Eur Heart J. 2011;32:1235–43.
9. Rosen LD, Lim AF, Felt J, Carrier LM, Cheever NA, Lara-Ruiz JM, Mendoza JS,
Rokkum J. Media and technology use predicts ill-being among children,
preteens and teenagers independent of the negative health impacts of
exercise and eating habits. Comput Human Behav. 2014;35:364–75.
10. Carson V, Hunter S, Kuzik N, Gray CE, Poitras VJ, Chaput JP, Saunders TJ,
Katzmarzyk PT, Okely AD, Connor Gorber S, et al. Systematic review of
sedentary behaviour and health indicators in school-aged children and
youth: an update. Appl Physiol Nutr Metab. 2016;41:S240–65.
11. Leech RM, McNaughton SA, Timperio A. The clustering of diet, physical
activity and sedentary behavior in children and adolescents: a review. Int J
Behav Nutr Phys Act. 2014;11:4.
12. Pearson N, Griffiths P, Biddle SJ, Johnston JP, McGeorge S, Haycraft E.
Clustering and correlates of screen-time and eating behaviours among
young adolescents. BMC Public Health. 2017;17:533.
13. Elsenburg LK, Corpeleijn E, van Sluijs EM, Atkin AJ. Clustering and correlates
of multiple health behaviours in 9-10 year old children. PLoS One. 2014;9:
e99498.
14. Hoyos Cillero I, Jago R. Systematic review of correlates of screen-viewing
among young children. Prev Med. 2010;51:3–10.
15. Pearson N, Biddle SJ, Gorely T. Family correlates of fruit and vegetable
consumption in children and adolescents: a systematic review. Public
Health Nutr. 2009;12:267–83.
Pearson et al. BMC Public Health  (2018) 18:753 Page 8 of 9
16. van der Horst K, Oenema A, Ferreira I, Wendel-Vos W, Giskes K, van
Lenthe F, Brug J. A systematic review of environmental correlates of
obesity-related dietary behaviors in youth. Health Educ Res. 2007;22:
203–26.
17. Hardy LL, Grunseit A, Khambalia A, Bell C, Wolfenden L, Milat AJ. Co-
occurrence of obesogenic risk factors among adolescents. J Adolesc
Health. 2012;51:265–71.
18. Spring B, Moller AC, Coons MJ. Multiple health behaviours: overview
and implications. Aust J Public Health. 2012;34(Suppl 1):i3–10.
19. Cameron AJ, Crawford DA, Salmon J, Campbell K, McNaughton SA,
Mishra GD, Ball K. Clustering of obesity-related risk behaviors in children
and their mothers. Ann Epidemiol. 2011;21:95–102.
20. McAloney K, Graham H, Law C, Platt L. A scoping review of statistical
approaches to the analysis of multiple health-related behaviours. Prev
Med. 2013;56:365–71.
21. Ebrahim S, Montaner D, Lawlor DA. Clustering of risk factors and social
class in childhood and adulthood in British women's heart and health
study: cross sectional analysis. BMJ. 2004;328:861–4.
22. Adler NE, Epel ES, Castellazzo G, Ickovics JR. Relationship of subjective
and objective social status with psychological and physiological
functioning: preliminary data in healthy white women. Health Psych.
2000;19:586–92.
23. Hardy LL, Booth ML, Okely AD. The reliability of the adolescent
sedentary activity questionnaire (ASAQ). Prev Med. 2007;45:71–4.
24. Vereecken CA, Todd J, Roberts C, Mulvihill C, Maes L. Television viewing
behaviour and associations with food habits in different countries. Pub
Health Nutr. 2006;9:244–50.
25. American Academy of Pediatrics Council on Communications and
Media. Children, adolescents, obesity, and the media. Pediatrics. 2011;
128:201–8.
26. Rockett HR, Breitenbach M, Frazier AL, Witschi J, Wolf AM, Field AE, Colditz
GA. Validation of a youth/adolescent food frequency questionnaire. Prev
Med. 1997;26:808–16.
27. Willett W. Nutritional epidemiology. New York: Oxford University Press; 1998.
28. Pearson N, Ball K, Crawford D. Predictors of changes in adolescents'
consumption of fruit, vegetables, and energy-dense snacks. Br J Nutr. 2011;
105:795–803.
29. Neumark-Sztainer D, Wall M, Perry C, Story M. Correlates of fruit and
vegetable intake among adolescents. Findings from Project EAT. Prev Med.
2003;37:198–208.
30. Why 5 A Day? Available: http://www.nhs.uk/Livewell/5ADAY/Pages/
Why5ADAY.aspx
31. Matheson DM, Killen JD, Wang Y, Varady A, Robinson TN. Children's food
consumption during television viewing. Am J Clin Nutr. 2004;79:1088–94.
32. Marshall AL, Miller YD, Burton NW, Brown WJ. Measuring total and domain-
specific sitting: a study of reliability and validity. Med Sci Sport Exerc. 2010;
42:1094–102.
33. Altenburg TM, Kist-van Holthe J, Chinapaw MJM. Effectiveness of
intervention strategies exclusively targeting reductions in children’s
sedentary time: a systematic review of the literature. Int J Behav Nutr Phys
Act. 2016;13:65.
34. Gorely T, Marshall SJ, Biddle SJH. Couch kids: correlates of television viewing
among youth. Int J Behav Med. 2004;11:152–63.
35. Drewnowski A, Specter SE. Poverty and obesity: the role of energy density
and energy costs. Am J Clin Nutr. 2004;79:6–16.
36. Holley CE, Farrow C, Haycraft E. Investigating offering of vegetables by
caregivers of preschool age children. Child Care Health Dev. 2017;43:240–9.
37. Yao CA, Rhodes RE. Parental correlates in child and adolescent physical
activity: a meta-analysis. Int J Behav Nutr Phys Act. 2015;12:10.
38. Larsen JK, Hermans RCJ, Sleddens EFC, Engels RCME, Fisher JO, Kremers
SPJ. How parental dietary behavior and food parenting practices affect
children's dietary behavior. Interacting sources of influence? Appetite.
2015;89:246–57.
39. Pearson N, Biddle SJ. Sedentary behavior and dietary intake in children,
adolescents, and adults. A systematic review. Am J Prev Med. 2011;41:178–88.
40. Amanda A, Catherine A, Fiona M. Associations between children's diet
quality and watching television during meal or snack consumption: a
systematic review. Matern Child Nutr. 2017;13:e12428.
41. Wansink B. Environmental factors that increase the food intake and
consumption volume of unknowing consumers. Ann Rev Nutr. 2004;24:
455–79.
42. Litterbach EV, Campbell KJ, Spence AC. Family meals with young children:
an online study of family mealtime characteristics, among Australian
families with children aged six months to six years. BMC Pub Health. 2017;
17:111.
43. Campbell K, Crawford D, Jackson M, Cashel K, Worsley A, Gibbons K, Birch
LL. Family food environments of 5-6-year-old-children: does socioeconomic
status make a difference? Asia Pac J Clin Nutr. 2002;11(Suppl 3):S553–61.
Pearson et al. BMC Public Health  (2018) 18:753 Page 9 of 9
